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(54) Metal strip shearing and coiling 



(57) Apparatus for coiling successive lengths of 
metal strip onto mandrels 7,8, comprising means for 
changing the strip path from a path leading to the man- 
drel 8 currently being wound to a path to a new mandrel 
when the current strip ends and a new strip appears. 
The new mandrel has mandrel strip guide means 12 
comprising a chain of driven mandrel guide rollers locat- 
ed around the new mandrel in its initial position to re- 
ceive the leading edge of a new length of strip and guide 
it around the mandrel. Adjacent rollers in the chain have 



interlocking grooves and flanges. Similar chains of roll- 
ers 3, 5, and 1 3 are used to guide the strip between the 
shears 2 and the mandrels. The new mandrel 7 is posi- 
tioned in an initial position such that the strip path to it 
is a straight path, and the mandrels are mounted on a 
carousel 6 which moves that mandrel to a second posi- 
tion such that the strip path to it is an angled path 1 4 the 
first segment of which is common with the first part of 
the straight strip path. A tail restraining unit 11 holds the 
tail of the old strip onto its mandrel. 
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Description 

[0001] The present invention relates to shearing and 
coiling metal strip. In particular, it is concerned with guid- 
ing the strip onto a coil at the end of a rolling mill line, 
and shearing the strip and transferring the strip to a sec- 
ond coil when a first coil is complete, whilst at the same 
time permitting the continuous production of the strip at 
an uninterrupted rate. 

[0002] Such shear and guiding systems for shearing 
and guiding the strip to alternate coils are well known in 
the art. In fact, more than two coils may be used if the 
cycle time for the removal of the completed coil is great- 
er than the time to complete the coiling of a single coil. 
[0003] In a typical known system, the strip is first 
passed through a rotating shear unit, which comprises 
two cutting edges each mounted on a rotatable support 
on opposite sides of the strip so that the blades are co- 
incident with the strip and act together to cut the strip 
when the rotatable supports are rotated. The rotatable 
supports rotate in the direction of the strip. The strip 
emerges from the shears towards two pairs of deflecting 
rolls placed one after the other. Each pair of deflecting 
rolls has an associated spool or mandrel located to be- 
low the straight path from the shears, various deflector 
plates are used in combination with the deflector rolls to 
guide the strip onto the spool or mandrel. 
[0004] Supposing that the strip is being wound on the 
second spool, the first deflecting rolls will be open, al- 
lowing the strip to pass through them without deflection 
and on towards the second pair of deflecting rolls, which 
will deflect the strip to its associated spool. As that spool 
becomes nearly full the strip is sheared and the part 
ahead of the shears will continue along the existing strip 
path, and will be wound onto the current spool. 
[0005] As the end of that part passes through the first 
deflecting rolls and the Iront edge of the next part of the 
strip approaches those deflecting rolls, those rolls will 
be operated to engage with the strip and deflect it onto 
the spool associated with those rolls. That spool is then 
filled to form the next coil whilst the previous coil is re- 
moved from its spool. 

[0006] When the second spool is nearly full, the 
shears are again operated, and the deflecting rolls as- 
sociated with that spool are opened to allow the front 
edge of the new part of the strip to pass straight through 
and on to the deflecting rolls associated with the second 
spool, which should by then have been changed in read- 
iness. 

[0007] This known system is typical of the way that 
strip is formed into coils at the end of the strip production. 
There are variations on this theme in which the spools 
are movable to pick up the strip after each cut, and also 
there are alternative means of diverting the path of the 
strip, some of which rely merely on gravity or the inertial 
movement of the strip to cause the strip to take up a new 
path. 

[0008] These known systems have the disadvantage 



that it is necessary to control the time of engagement of 
the guiding rolls or guiding mechanism accurately, im- 
mediately after the cutting has taken place. This can 
cause problems for the cutting and coiling of thin strip 

5 moving at high strip speeds. If the guiding rolls are en- 
gaged too soon, then the previous strip length will be 
engaged and this will cause it to be deflected in the 
wrong direction. Alternatively if the engaging roll is en- 
gaged too late, the next strip length will proceed on its 

io previous path and may overshoot the corresponding 
spool. Thus the engaging roll must move very quickly 
into and out of position, and the dynamic limitations of 
this movement of the engaging rolls limits the strip 
speeds that can be used. Thus it is necessary to ensure 

is that the movement of the guiding rolls is precisely timed 
with the action of the rotating shears. 
[0009] A further disadvantage of known systems is 
that thin strip especially is very easily bent by hitting sta- 
tionary guides or other guidance mechanisms which can 

20 throw the strip out of line with the desired path into the 
coiling stage or cause it to jam. Similarly, for systems 
which rely on inertia or gravity, the strip speeds are lim- 
ited because at high speeds the strip may not fall in time 
or in a predictable way because it is influenced by aer- 

25 odynamic effects. 

[001 0] For cold rolling, a technique known as carousel 
coiling has been developed. For this technique, there is 
provided apparatus for coiling successive lengths of 
metal strip onto mandrels, comprising means for chang- 

30 ing the strip path from a path leading to the mandrel cur- 
rently being wound to a path to a new mandrel when the 
current strip ends and a new strip appears, wherein the 
new mandrel is positioned in an initial position such that 
the strip path to it is a straight path, and means are pro- 

35 vided for moving that mandrel to a second position such 
that the strip path to it is an angled path the first segment 
of which is common with the first part of the straight strip 
path. 

[0011] The tail end of the old length of strip is pulled 
40 along the angled path by the main body of that length 
which is already coiled on its mandrel, and therefore 
cannot go seriously astray After the shear is operated, 
the leading edge of the new length of strip continues 
straight ahead instead of following the angled path be- 
45 cause of the inertia and weight of the strip. The leading 
edge ol the new length of strip is guided onto the man- 
drel by a moving belt which is wrapped part of the way 
around the mandrel in such a way that the leading edge 
of the new length of strip is caught between the belt and 
50 the mandrel. This type of apparatus is known as a belt 
wrapper. 

[0012] The present invention is particularly concerned 
with handling hot thin strip. This involves a number of 
additional problems com pa red to hand ling strip resulting 
55 from cold rolling. 

[001 3] Mills rolling cold strip generally slow down dur- 
ing the changeover from one coiling mandrel to the oth- 
er. This reduces the aerodynamic effects on the strip 
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which could cause it to take the wrong path. It also re- 
duces the speed at which the belt wrapper or other strip 
guidance mechanism has to operate. However, hot strip 
mills cannot slow down during coiling for metallurgical 
reasons. Consequently, the belt wrapper or other guid- 5 
ance mechanism has to operate at full speed. The life 
of conventional belt materials or chains is severely re- 
duced by operating at the high speeds required for thin 
hot strip. In addition the high temperature of the strip is 
liable to cause damage to the belt or chain material. 
[0014] In addition, guidance of the strip is more diffi- 
cult because the hoi strip has lower strength than cold 
strip and is therefore more liable to bend and follow an 
incorrect path; also, with higher speeds, aerodynamic 
effects are more liable to cause deflection of the head 
of the strip from the desired path. 
[001 5] The general object ol the invention is to provide 
means for improved guidance of hot rolled strip in strip 
shearing and coiling apparatus. 

[001 6] According to the invention there is provided ap- 
paratus for coiling successive lengths of metal strip onto 
mandrels, comprising means for changing the strip path 
from a path leading to the mandrel currently being 
wound to a path to a new mandrel when the current strip 
ends and a new strip appears, characterised by strip 
path guide means comprising at least one chain of driv- 
en rollers. 

[0017] Preferably, in the or each chain of rollers, ad- 
jacent rollers have interlocking grooves and flanges. 
Conventional rollers are separate, i.e. one after the oth- 
er. With such separate rollers, there is a possibility that 
the strip could go astray and poke out between two ad- 
jacent rollers (or start to do so and then buckle as it gets 
pushed back again). With belts, there is the same dan- 
ger where one belt begins or ends and the next belt (or 
a roller) takes over. Interlocking rollers virtually eliminate 
this danger. 

[0018] The interlocking rollers are preferably applied 
at several different places in the present apparatus. The 
present apparatus preferably includes a pair of pinch 
rolls between the shear unit and the mandrels. Two sets 
of interlocking rollers are preferably provided between 
the shear unit and the pinch rolls, one on each side of 
the strip. Two further sets of interlocking rollers (again 
one on each side ol the strip) are preferably provided 
between the pinch rolls and the point at which the two 
paths for the strip, to the old mandrel and the new man- 
drel, diverge. Finally, a set of interlocking rollers is pro- 
vided for guiding the front end of the start of a new strip 
around the mandrel to initiate winding. Here, the strip 
end has to be guided into a curved path, which is more 
difficult than guiding it along a straight path. 
[0019] A combined shearing and coiling apparatus 
embodying the invention will now be described in more 
detail with reference to the drawings, in which: 

Fig. 1 is a schematic view of a known shearing and 
deflecting system; 



Fig. 2 is a schematic view of a combined shearing 
and coiling apparatus embodying the invention; 

Fig. 3 is a diagrammatic plan view of one set of in- 
terlocking rollers; 

Fig. 4 is an expanded schematic side view of the 
strip guiding arrangement in the vicinity of the man- 
drel with the strip taking an angled path to the other 
mandrel (not shown); 

Fig. 5 is an expanded schematic side view of the 
strip guiding arrangement in the vicinity of the man- 
drel during the threading of a new leading end of 
the strip, and; 

Fig. 6 is an end elevation of a set of interlocking roll- 
ers. 

[0020] Fig. 1 shows an example of a known system. 
The strip 2 travels from left to right in the direction of 
arrow A. The first stage of the shearing and coiling sys- 
tem is a rotating shear 1 , which comprises two cutting 
edges each mounted on a rotatable support on opposite 
sides of the strip so that the blades are coincident with 
the strip and act together to cut the strip when the rotat- 
able supports are rotated. The rotatable supports rotate 
in the direction of the strip : the upper support anti-clock- 
wise and the lower one clockwise. 
[0021] There are two coiling spools 5 and 6 onto which 
the strip is alternately wound, with deflecting rolls 3 and 
4 corresponding respectively to the two coiling spools. 
Thus, when the strip is being coiled onto the spool 6, the 
deflecting rolls 4 are engaged to guide the strip onto the 
spool 6, as shown in Fig. 1 . When the spool 6 is full and 
the coil is complete, the rotating shear 1 is operated and 
the strip is cut. (Clearly the coil will not quite be complete 
at the time of cutting but will be just less than complete 
by the amount of the distance of the strip from the rotat- 
ing shear to the coil.) Immediately after the strip is cut, 
the deflecting rolls 3 are engaged to guide the strip to 
the second spool 5, which is then filled to form the next 
coil whilst the previous coil is removed from the spool 6. 
When the coil on spool 5 nears completion, the shears 
1 are operated again, and the deflecting rolls 5 are 
opened to allow the front edge of the new length of strip 
to pass straight through to the deflecting rolls 4 and 
spool 6. 

[0022] Fig. 2 shows an apparatus for the combined 
shearing, guiding and coiling of continuous metal strip 
embodying the invention. The metal strip, moving from 
left to right, passes through a pinch roll 1 which serves 
to provide the required tension in the strip. The strip then 
passes through a high speed strip shearing unit 2, which 
shears the continuous strip into the desired lengths. 
[0023] When thin strip travelling at high speed is cut, 
the front end of the new length of strip created by the 
cut needs to be very carefully guided so that it does not 
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take the wrong path resulting from the deflecting effect 
of the shear. The thin strip is very easily bent and divert- 
ed by hitting any guide or other part of the apparatus. In 
the present apparatus, two sets of guide rollers 3 are 
provided after the shearing unit 2, one on each side of 
the strip, and these rollers are driven at a speed which 
is synchronised with the speed of the strip. 
[0024] Each of the two opposite sets of guide rollers 
has rollers with corresponding interlocking grooves and 
flanges around their circumferences, and the rollers are 
arranged close together with the distance between the 
axes of neighbouring rolls in each set being less than 
the external diameter of each roll at the flanges. Thus 
the adjacent rollers can be placed closer together than 
their maximum diameters would otherwise allow, thus 
providing more control and effective guiding of the strip. 
[0025] The next stage in the apparatus is a further 
pinching unit 4 again to control the tension in the strip. 
This pinching unit may not always be necessary. 
[0026] The next stage is two further sets of guide roll- 
ers 5, one on each side of the strip. Again, adjacent roll- 
ers in each set are interlocking, and are driven to rotate 
at a speed which is synchronised with the speed of the 
strip. 

[0027] The next stage of the apparatus is the coiling 
unit, which comprises first and second coiling mandrels 
8 and 7 arranged on a rotatable carousel 6. In Fig. 2 the 
strip follows the angled path 14 around the upper roll of 
the pinch roll 4 and the deflector roll 17 onto the first 
mandrel 8. Before the strip is cut, the upper guide rollers 
assembly 20 is moved into position 1 3 adjacent to the 
lower guide rollers 5 so that the strip takes the more 
steeply angled path past the water jet 1 8 to the deflector 
roll 17. When the strip is cut, the new front end of the 
subsequent length of strip is directed towards the sec- 
ond mandrel 7 by the guide rollers 5. The rear end of 
the previous strip continues along the angled path to 
complete the completed coil on the first mandrel 8. A tail 
restraining unit 11 is to hold the tail of the strip onto the 
coil at the end of the coiling operation. The completed 
coil 9 may then be removed by supporting it on the coil 
car 16. 

[0028] Once the new length of strip has engaged with 
the second mandrel 7 and is being wound on it, the car- 
ousel is rotated through 180°. The speed of the rotation 
of the carousel, combined with the rotation of the man- 
drel, is synchronised with the speed of the strip. 
[0029] When the coil of strip forming on the second 
mandrel 7 nears completion the strip follows the same 
angled path 14 and the procedure is repeated. 
[0030] The first and second mandrels 8 and 7 are ro- 
tatably driven by respective electric mandrel motors (not 
shown) which are attached to the carousel 6 and move 
with it. The motors are located behind the mandrels 8 
and 7 in Fig. 2. Preferably slip rings are provided on the 
carousel 6 to supply power to the mandrel motors. The 
mandrels 8 and 7 are driven to provide a circumferential 
speed which corresponds to the speed of the strip. 



[0031] The mandrels 8 and 7 are expandable; they 
are expanded during the start of the coiling process and 
collapsed when the coiling process is complete and the 
mandrel is in the removal position, in order that the coil 

s may be removed from the mandrel. 

[0032] Each of the mandrels 8 and 7 includes internal 
actuating means (not shown) to operate it between the 
expanded and collapsed positions. The actuating 
means is in the form of an actuating rod which extends 

10 inside the mandrel. Each mandrel motor has a hollow 
drive shaft through which the actuator rod extends into 
the mandrel in order to collapse and expand the man- 
drel. 

[0033] When the strip is travelling to the mandrel 8, it 

is follows the path 1 4. Before the strip is cut to start a new 
coil, the guide roller assembly 20 is lowered so that the 
path of the strip is arranged to be at a large angle to the 
original strip path. The deflector roll 17 contributes to 
creating a large angle in the strip path. This large angle 

20 permits the gap between the guide roller 1 5 and the end 
of the second guide means 1 3 to be small. This ensures 
that the front end of the newly formed strip length is cor- 
rectly received by the guide roller 15 and guided by that 
roller into the mandrel guide means 12. In addition, the 

25 water jets 1 8 help to ensure that the end of the strip does 
not pass through this small gap. The new length of strip 
is then guided onto the mandrel 7 by means of the man- 
drel strip guide means 12, which wraps the strip around 
the mandrel 7. The mandrel strip guide means 12 com- 

30 prises a set of rollers which are interlocking and which 
are driven at a speed which is synchronised with the 
speed of the strip. Additional water jets ensure that the 
end of the strip remains in contact with the mandrel in 
the region just before it starts the second lap. 

35 [0034] During the start of the coiling onto the second 
mandrel 7, the strip guide means 13 and the mandrel 
guide means 12 are arranged to be as close together 
as possible, in order to provide close guidance to the 
new front end of strip. However, it is necessary to move 

40 the strip guide means 1 3 and the mandrel guide means 
12 out of the way of the path of the mandrel when the 
carousel is rotated after the coiling of the strip has been 
successfully started. 

[0035] When the coiling of the Strip has been suc- 
45 cessfully started, the strip guide means 1 3 is swung up- 
wardly out of the way of the mandrel path and the lower 
row 5 is swung downwardly out of the way. Similarly, the 
mandrel guide means 12, which comprises a single row 
of guide rollers, is split into an upper half and a lower 
50 half. When the coiling of the strip has been successfully 
started, the upper half is swung upwardly and to the right 
as shown in Fig. 2, and the lower half remains fixed to 
its support and is lowered downwardly with this fixed 
support to a position in which it is clear from the path of 
55 the mandrel 7. 

[0036] Figure 3 is a plan view of the guide rollers 5 
showing the interlocking grooves 5' and flanges 5" on 
the rolls. For illustration, the head end of a strip 20 is 
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shown travelling in direction B on the rollers. The inter- 
locking rollers 5 make it impossible for the strip to pass 
between adjacent rollers as it could do with conventional 
rollers. 

[0037] Figure 4 shows an expanded view of the ar- 5 
rangement of the mandrel strip guide means 12 in the 
form of interlocking guide rollers 12 and mandrel 7, 8 
with the strip following the steeply angled path C to the 
other mandrel. Water jets 18 are provided between the 
previous guidance means 13 and the mandrel guide 10 
means 1 2 to assist in the guidance ofthe strip 20 across 
the gap between these two guidance means. 
[0038] Figure 5 shows the same view as Figure 4 but 
with the new leading edge of the strip 20 taking the new 
path C between the mandrel 7, 8 and guide rollers 12. is 
The water jets 18 may be activated at this stage help to 
ensure that the new leading edge does not pass through 
the gap between the guide rolls. 
[0039] Figure 6 is an end view of the guide roller ar- 
rangement showing the strip 20 being guided by the 20 
flanges 5" of the rolls. The grooves 5' allow the flanges 
5" of the adjacent roll to interlock and prevent the strip 
20 from passing between the rolls. 
[0040] The first strip guide means 3, the second strip 
guide means 1 3, and the mandrel strip guide means 12 2S 
have all been shown as interlocking rollers guide 
means. However, one or more of these guide means 
could be replaced with alternative guide means such as 
non-interlocking rollers, moving bells, or air jets. 



Claims 

1. Apparatus for coiling successive lengths of metal 
strip onto mandrels (7,8), comprising means (6) for 3S 
changing the strip path from a path leading to the 
mandrel (8) currently being wound to a path to a 
new mandrel (7) when the current strip ends and a 
new strip appears, characterised by strip path guide 
means comprising at least one chain of driven roll- 40 
ers. 

2. Apparatus according to claim 1 characterised in that 
in the chain of rollers, adjacent rollers have inter- 
locking grooves and flanges. «s 



5. Apparatus according to claim 4 characterised in that 
the mandrel rollers are adjustably mounted to allow 
the gap between them and the mandrel to be ad- 
justed for different strip thicknesses and for the in- 
crease in diameter resulting from the initial laps of 
the coil. 

6. Apparatus according to any of claims 2 to 5 charac- 
terised by water/air jets directed into gap in strip 
guidance mechanism through which rear end of the 
previous strip passes, to assist guidance of head 
end of new strip. ^ 

7. Apparatus according to any of the claims 2 to 6 
characterised by a deflector roll (17) around which 
the strip passes to the mandrel (8). 

8. Apparatus according to any of claims 2 to 7 charac- 
terised by a roller around which the strip moves 
when following the second path (1 4). 

9. Apparatus according to any of claims 2 to 7 charac- 
terised in that the new mandrel is positioned in an 
initial position such that the strip path to it is a 
straight path, and by means (6) for moving that 
mandrel to a second position such that the strip path 
to it is an angled path (1 4) the first segment of which 
is common with the first part of the straight strip 
path. 

10. Apparatus according to claims 8 to 9 characterised 
in that the deflector rolls are mounted on the carou- 
sel so that rotation of the carousel to move the man- 
drel positions also causes the strip to come into con- 
tact with the deflector roll and the strip path to be 
diverted around the deflector roll. 

11. Apparatus for coiling a length of metal strip onto a 
mandrel (7,8), comprising strip path guide means 
(3,5,12,13) for guiding the leading end of the strip 
towards and round the mandrel, characterized in 
that the guide means comprise at least one chain 
of driven rollers having interlocking grooves (5') and 
flanges (5"). 



3. Apparatus according to claim 2, characterised in 
that the strip path guide means include means (3, 
5, 1 3) guiding the strip along the common portion 
of the two paths. so 



4. Apparatus according to either of claims 2 and 3 
characterised in that the strip guide means include 
mandrel strip guide means (12) comprising a chain 
of driven mandrel guide rollers located around the 55 
new mandrel in its initial position to receive the lead- 
ing edge of a new length of strip and guide it around 
the mandrel. 
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